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INTRODUCTION
Many herbicides affect the ability of a cell to enter mitosis by limiting something required for the mitotic process. For example, the inhibition of amino acid biosynthesis by sulfonylurea herbicides leads to a quick lowering of the number of cells entering mitosis (22) . However, there are a number of herbicides that specifically disrupt mitosis or cytokinesis as a mechanism of action. The study of the effects of these herbicides has not only shown us much about herbicide action but also which proteins and structures are required for mitosis in plant cells. Microtubules exert much of their influence on cellular processes by acting in groups rather than singularly. In higher plants, there are four arrays of microtubules: cortical (interphase), preprophase, spindle, and phragmoplast ( Figure  2 ) that enable microtubules to perform a variety of cellular functions (Table 1) (Figure 1) , composed of actin, are involved in cytoplasmic streaming and possibly the positioning of organelles in the cell. These microfilamnents are much thinner than microtubules, although frequently they appear in bundles. Microtubules and microfilaments are frequently found together in the cell and they may work together in some processes, such as chromosome movement during mitosis. Dinitroaniline herbicides. Morphological and cytological effects. Dinitroaniline herbicides are the largest group of herbicides that disrupt mitosis and it is also the group about which the most is known. Dinitroanilines include the heavily used herbicides trifluralin, oryzalin, and pendimethalin. These Pronamide binds to tubulin and can prevent in vitro assembly of microtubules (1). The mechanism by which pronamide disrupts microtubule development must be different than the dinitroanilines and phosphoric amide herbicides such that small microtubules rather than no microtubules result. One possible explanation is that binding of pronamide They appear drawn into a star-like configuration at their centromeres: a so-called star anaphase figure (14) . Immunofluorescence microscopy reveals a clustering of microtubules, emanating from a zone at the center of which the kinetochores are gathered. At this center, the endoplasmic reticulum (ER)3 is concentrated and microtubules seem to have their termini in this mass of ER (Vaughn and Lehnen, unpublished). Hepler (6) has speculated that the ER has some role in mitosis, perhaps in sequestering calcium, causing an environment favorable to microtubules nucleation and elongation. Terbutol, which seems to cause an aggregation of the ER, also causes a rearrangement of the microtubules. These data indicate that the ER may be the spindle MTOC in higher plants (6) . DCPA. DCPA is a widely used herbicide for turf grasses and its effects on plant cells have been investigated in a number of laboratories over the years. In most of the studies, cell plate formation has been suggested as the process blocked most effectively by the herbicide (11, 12, 29) . In many of the cells, the newly formed cell plate is incomplete or misoriented so that the two nuclei are not separated at mitosis (Figure 8) . Oftentimes, the wall will contain loops or be abnormally thick in one portion and thin in another. In the most severe cases, no wall is fonned at all and zones of tissue with multiple nuclei in a common cytoplasm are found (29) . Phragmoplast microtubule arrays are abnormally oriented (29) and are found dispersed throughout the cytoplasm rather than restricted to the area set by the preprophase band as the division plane (Lehnen and Vaughn, in preparation). Thus, the primary effect of DCPA seems to be as a disrupter of phragmoplast microtubule organization and production.
Some effects of DCPA are also noted on the mitotic microtubule arrays because some multipolar divisions and arrested prometaphase figures are also noted, especially in the meristematic areas (11, 29) . Thus, some of the effects of DCPA are more typical of the other herbicides, although the pronounced effect on phragmoplasts and wall formation may take place even though these other effects may not be noted in the cell. As for the carbamate herbicides, notihing is known of the biochemical mode of action of DCPA. Conclusions. Herbicides that disrupt mitosis as a primary mechanism of action may be grouped into three divisions: A) those that cause arrested prometaphase figures similar to colchicine, B) those that disrupt spindle microtubule organization, and C) those that disrupt phragmoplast microtubule organization. Group A could be divided into those herbicides 
